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I. INTRODUCTION, ABSTRACT, AND SUMMARY
this report will cover the work performed from I January 1975 through
30 June 1975 on Grant NGL 03-002-019 between the University of Arizona and
the National Aeronautics and Space Administration.
This contract was set up to support the development of new types of
detectors for analysis of planetary atmospheres. 	 Initially, the Interest
was in detectors for use under partial vacuum conditions; recently, the
	
?d
program has been extended to include detectors for use at one atmosphere
	 I
and adsorption system for control and separation of gases.
Results to date have included detectors for 0 2 and H2
 under partial
vacuum conditions (Publications 1, 3, A). Experiments on detectors for
use at high pressures began in 196u; and systems for CO, X1 2 and 02 were
reported in 1967 and 1968 (Publications 8, 11).	 In 1968 studies began
on an electrically controlled adsorbent.	 It was demonstrated that under
proper conditions a thin film of semiconductor material could be
electrically cycled to adsorb and desorb a specific gas. This work was
extended to obtain quantitative data on the use of semicondUctors as
controllable adsorbents (Publications II, 12).
In 1968 a new technique for dry replication and measurement of the
thicknes, of thin fiIrns was developed. A commercial material, Press-0-
Film, was shown to be satisfactory when properly used. This technique
I s most usef u I f or stud i es of se=mi conductor th i n f i I ms where norm I
interference tecfniques a.-e not practical because of the non-reflective
nature of the film (Publication 13).
Ns
During the period from 1968 through 1971 the Carbon Monoxide
Detector, first demonstrated on the NASA program (Publication 8), was
refined and Improved for use by the Department of Health, Education and
Welfare.
In 1969 studies began on a Corona Discharge Detector for water
vapor. Ttis system was shown to be rapid in response, suitable for
continuous operation, and reasonably linear in output (on a logarithmic
plot) from 10 percent relative humidity to 95 percent relative humidity.
A program to develop this detector for hydrological applications began
In 1970 but was temporarily dropped because of limited user interest.
In 1970 we began an investigation of the catalytic oxidation of
various gases, i.e., CO, NH 3 and H2 over metallic catalysts. We demon-
strated that the rate of reaction could be observed and controlled in
terms of the exoelectron emission from the catalysts (Publication 16).
In 1971 this study was directed to the expanded monel metal catalysts
used for auto '",_ oust emission control and fer spacecraft atmospheric
purification (Publication 20).
This investigation has been extended to catalysts operating at
ambient (one atmosphere) pressure and to the dispersed metal-ceramic
catalysts used in the chemical industry. There seems to be no question
that the exoelectron effect can be used to monitor catalyst operation.
The capability of monitoring the actual rate of catalysis is
Important in many industrial operations where a slight change in rate-
of-reaction car have a significant effect cn the safety or e-onomics of
s
the process. The conventional techniques, which involve analysis of the
1i'I
reactant or temperature control of the catalyst, are frequently too slow
to permit accurate control. An^ ication of this contro! technique has
been discussed with the Dow Chemical Compan y (Texas Division).
Another application of the exoelectron effect exists in the area of
cata /'.+ research. An understanding of the mechanism relating catalysis
to electron emission will help in obtaining a final explanation for the
catalytic process itself.
In 1971 % , e began the study of a new technique for analysis of solid
materials. This system involved heating or grinding the substance and
observing the induced exoelectron emission. The effect is known as
Temperature Stimulated Exoelectron Emission (TSEE). One application of
this phenomenon to observation of grinding processes has been published
(Publication 18).
In 1973-74 we begain investigating the electrostatic charging phe-
nomena that are associated with the generation of dust particles. These
charge effects may be an important factor in the atmospheric suspension
of dust during dust storms. This may be particularly ^.ignificant in
the Martian dust storms where the low atmospheric density will not sup-
port the wind-raised dust clouds, observed on earth.
Other aspect, cf this dust investigation relate to an understanding
of dust levitaiion on the moon. Recent lunar observations suggest that
a significant arount of dust is associated with the terminator. This
dust suspension can only be understood in termr, of electrostatic phe-
nomena.
^	 I
4Two other applications of this work exist In areas related to
industrial health:
I. Possible correlations between dust charging phenomena and
the effects of the dust on the human lung. A publication
on this work was submitted to the Journal "Biochemistry"
In March 1975.
2.• The removal of e;ectrostatically char ged dust by means of
a water fog charged to the opposite polarity.
Both of those topics were investigate•. in 1973 and the work on
topic 2 1s continuing. There are some significant electrostatic phe-
nomena associated with industrial health.
In 1974 we began an investigation of the optical and electrostatic
phenomena associated with the compressive: failure of rocks and minerals.
This work has a direct application to the transient lunar phenomena that
have bean reported by many observers. These lunar effects appear as
obscuratlons of lunar features or as flashes of light during the lunar
night. It has been suggested that the obscuration effects are due to
gases leaking from freshly fractured rock while the light emission
occurs when electrons, from the fractured rock, ionize the gases. In-
vestigation of this phenomena is continuing.
SW MARY OF WORK IN THE PAST YEAR AND STUDIES
PLANNED FOR THE NEXT TWELVE MUNTHS
Electrostatic Chargin g of Dust and Its
Effect on Planetary Atmospneres
In our last report we discussed the design of a grinding sy-7tem,
dust chamber and impaction sampler for measurement of dust charge versus
r
diameter. The impaction sampler Is shown In Flgur(! I, typical data
obtained with this device Is shown in Figures 2 through II. This data
indicates that the smallest (ore micron) particles are negatively charged
and we might note that this has been observed with every material tested,
to date, with the except ; on of magnu'ite.
This suggests that natural dusts may acquire a charge as they are
blown about by the wind and that the one micron par t icles might well be
levitated by the electrostatic field of the earth. This field has a
positive gradient (earth negative) and would effectively levitate
negatively charged particles.	 In this connection is is worth noting
that the "permanent" atmospheric impurities are in the range of 0.1 to
1.
 micron In diameter [I]. Spheres of this size range would be normally
expected to settle out of the atmosphere a + a speed of some 12.6 cm/hr.
The fact that these impurities =.re cbserveu to remain suspended almost
indefinitely suggests the electrostatic levitation is involved.
Other phenomena that in r 'icate the existence of electrostatic
levitation in the earth's atmosphere have been repo., ` i by various ob-
servers and reviewed by Israel [2].	 In several cz	 ipage 453) the
existence of a heavy haze layer was associated with a large negative
charge at the same altitude. This effect seems to be especially re-
lated to atmospheric inversions and may well be partially responsible
for the high concentration of dust under inversion conditions.
If atmospheric dust is electrostatially charged we must expect
that in a "low wind" situation charge separation will occur, with pcsi-
tive charges accumulating rear the earth and negative charges at some
6higher altitude. This has been observed by many meteorologists and is
often called the "electrode affect." Cne reference [3] reported 1000
negative charges per partl:.Ie at altitudes of 50, 65 and 80 km.
Effects of a similar type have been observed during the massive
dust storms tilled "haboobs" in Arabic. These storms produce huge
changes in the normal electrostatic field of the earth and It is generally
assumed that this is tue to a layer of negative charge at the top of the
dust cloud and positive charge near the ground [4].	 Once again this
indicates t'u T electrostatic levitation Is present, and it has been noted
that the dust raised in these storms 1s very slow to fall-out.
It has been suggested that the format' n of a haboob is necessary
to precipitate the summer monsoon season because It rakes charged
particles to hign altitude. The correlation between dust storms and
summer rain is well known in Arizona and has been reported from
Khartoum [5].
All of the above suggests that charged particles may have a signif-
icant effect on the earths' atmosphere. It follows then that an under-
standing of the dust charging :ind levitation phenomena is necessary if
we are to untangle the dynamics of the lower and middle atmosphere.
Applications to Mars
Typical average conditions on Ears are assumed to be:
T = 200K, P (surface) = 6.1 TORR (rr,rr of Hg) .
. AM&
r
r7
The normal rate-of-fell under Stokes Law (for spheres of unit density)
Is:
C(cm 	 2 R2 q
I ec	 yn
Hero g is the gravitational acceleration (crt/5ec 2 ) R is particle radius
and n is viscosity. Using this data and appropriate values for g and n
we obtain (for I micron particles)
C = 1.73 • 10-3 cm/sec.
This is quite close to the values of 3.56
	
10 * ^ cm/sec, for the same
particles in the earth's atmosphere. We can expect that the Stokes Law
effects on Mars are very similar to those on earth.
Turning to the question of how dust is raised by the wind we note
that the dynamic wind pressure on a sand grain will be proportionate to
112 pv 2 where p ib the gas density. On Mars p Is almost 100 times lower
than the value on earth and this suggests that very high winds would be
required to raise dust storms on Mars. Calculations o' this type have
been made by Ryan [6] and refined by Sagan [7]. Reference 7 suggests
that velocities of 300 km/hr might be required and refers to one W e-
scopic observation of a Martian Dust cloud moving at 100 km/hr.
Wu suggest that these wind velocities are unlikely to occur very
often, especially in view of the heavily cratered Martian surface. 	 It
seems more reasonable to suggest that low velocity Martian winds move
the surface material about and induce electrostatic charging. The very
8»•*
dry environment-and low ambient pressure would encourage this type of
phenomena. One laborator, study [81 has Indicated that significant
charging occurs when a sand/dust mixture is agitated under simulated
Martian conditions. We suggest that this local agiiation and charging
of dust induces levitation which allows the dust to move upward in the
Martian atmosphere.
Wo hope to Investigate the effects of this type in the coming year
with emphasis on two questions:	 (1) Electrostatic charging under simu-
lated Me-tlan conditions, and (2) Measurement of vertical dust profiles
In the 3 1 x 3' x 3' dust chamber. The electo-ostatic -4arging studies
will Le started in a one yallcn plastic jar that will be turned on a
small rock tumbler. The system is shown In Figure 12, initial charge
measurements will be done by means of a charge detector insertod in the
jar. At a later date a glass container, that can be held at 6 to 10
torr, will be used.
	
It will be Important to determine the zgitation
required for charging and the effect of impurities, humidify, etc.
The dust profile studies have been under way for the past 6 months,
typical results are shown in Figures 13 and 14. This data was taken
with the impaction sampler shown in Figure I. This unit separated the
dust into six size ranges and It is clear in Figure 13 that some 30
minutes after injection the larger (5.8 micron) particles had essentially
"fallen out," while the respirable particles from 0.54 to 1.6 microns
had only been reduced b^ some 50%. This is in agreement with the many
reports of permanent atmospheric impurities in the one micron size
range.
9We should note that this data was obtained with an impaction sampler
drawing from just one level In the dust chamber. To observe the dust
density, versus height, ;j made use of the optical system discussed in
our last report. Typical results of this study are shown in Figure IQ.
Here the total optical dust density is plotted versus height in the dust
chamber, as a function of time after injection. The Initial profile,
after Tome three minutes, shows a more or less constant dust density
with height. The increase over the t = 0 value is due primarily to dust
falling from the upper part of the chamber. Aftar some 21 minutes the
density at the lowest level had increased to a snall degree while the
density at the one foot height had been greatly Increased. This suggests
that the dust is levitat_d at this Ipvel.
The optical system used for ihese studies did riot permit a measure-
ment of the dust density above the one foot level and we decided to
9
repeat these experiments with a charge detection scanner that could move
J
vertically from the bottcm to the top of the dust chamber. This system	 j
is shown in Fi g ure 15. We decided to sense the local field gradient
rather than tht! optical density because cf the difficulties we experienced
In keeping the optical system clean.
The scanner shown in Figure 15 carries a Trek Corporation (Gasport,
New York) charge detector system. This system is well suited to )Ianet-
ary experiments where the usual mechanical "field mills" might be subject
to jamming by du -11 in their bearings. The Trek unit has no moving parts
and can be used for observation of either charge or field gradient with
the installation of a smell adapter. The output is 0-100 volt DC (at
10
10 ma) and is quite suitable for conversion to a pulse code for radio
transmission.
Our most recant results with the Trek unit (In the voltage gradient
mode) are shown In Figures 16 and 17. For this study a 3' x 3' metal
base plate was installed in the dust chamber and connected to a DC power
supply. This provided a controllable field gradient in the chamber.
Typical results with no dust in the chamber are shown in Figure 16
(light weight lines) for the plate grounded and + 250 volts. At 65 cm
altitude the effect of the field plate has disappeared. The heavier
lines in Figure IC show the effect of adding frostily ground negatively
charged silica dust (the system is allowed to stabilize for 15 minutes
after the dust is Introduced). The grounded plate data shows a slight
increase in charge at the 40-45 cm level which may be due to the residual
effect of the earths (normally negative) potential. With the plate at
- 250V the negatively charged dust Is levitated to the top of the chamber
while with + 250 volts, on the plate, the dust moves downward.
This is shown more dramatically in Figure 17 where the "no dust"
data has been subtracted from the results of Figure 16. The + 250 volt
f
curve is almost straight, dust has been drawn down toward the
effectively neutralizing the field of the plate Itself.
With a grounded plate the highest dust cr-ncentra'H on was
at some 40-45 cm altitude. This is shown very :.!early in Figu
may represent the altitude at which a particular fraction of t
comes into equilibrium between the forces of gravity and the e
electrostatic field.
At - 250 volts we observe two peaks in the field gradient at 40 and
at 55 cm. The very rapid change in field gradient from 20 to 37 cm has
been observed several tlmos under these conditions and we suggest that
It is related to the Oacay of the field Induced by the charged plate.
Figure 16 indicates that at 35 cm the no-dust field has fallen to some
50% of the value at 20 cm. The high field gradient at 35-40 cm (In
Figure 17) and the increase from 20 to 35 cm (in Figure 17) may be due
to the levitation of some rather large (5 to 10 micron) particles at the
33 cm level.	 It would follow then that the peak at 55 cm (in Figure 17)
might be due to 0.5 to 3 micron particles levitated at this high
elevation.
Ail of the above data Is conslst:int with our suggestlon that dust
leveltation can be observed in the laboratory. Wo note that the voltage
gradients observed (45 volts/"m) arA comparable to those reported in dust
storms [2,9] Indicating that leveltation will occur in the earths
atmosphere.
At this point we might note that the dust distributir)n in the
chamber at + 250 volts is not the same as that at 0 or - 250 volts. At
+ 250 volts the 5 to 10 micron, negatively charged particles fall-out
very quickly and after 15 minutes the dust population is largely in the
0.5 to 2 micron range. In contrast, at - 250 volts the 5 to 10 micron
particles may remain in suspension producing the peak observed In
Figure 17 at 55 cm. A schematic representation of the data of Figure 17
Is shown in Figure 17a. We feel that this may clarify the situation in
the dust chamber.
12
In the next 6 months we proposed to continue and extend this work.
Oust size determinations will be made at specific altitudes in It-e dust
chamber under known voltage grad f ant conditions. This will allow us to
prove that the particulate stratification suggested above, really occurs.
Other dusts, i.e. clay, shale will be used to see if similar affects can
be obtained. If possible we hope to begin observing the effects of
relative hL,,Iidlty on these processes.
Experimental Studies from a Martian Lander Vehicle
A review of the field experiments ir, dust storms and the laboratory
,ork of various inves+igators Indicates that the parameters of interest
on liars would include:
I. Pressuro, temperature and relative humidi'y.
2. Wind velocity and direction.
3. Particulate size and composition.
A. Electrostatic charge and field gradient.
Ideally we would like to measure these parameters from the surface
of the planet to an altitude of several thousand feet (2 km). However,
we recognize that an experiment of this scale is hardly practical on
earth to say nothing of Mars.
It seems more reasonable to suggest that an instrument package be
raised some 12 meters from the surface on an extendable boom of the
type manufactured by Hunter Spring (Hatfield, Pennsylvania) or Spar
Aerospace (Toronto, Canada). Devices o l this type have been used to
erect the sunshleld on the Apollo Lunar Surface Package. A, the boom
F13
moved upward it could be stoppod periodically to allow measurements to
be taken. The fully erected bc,om could serve as a transmitting antena
after deployment, thereby saving weight In the tota; system. Raising
the instruments to a height of 12 meters would put them out of all
possible boundary layer effects and allow a ...-3surement of atmospheric
parameters under essentially "free stream" conditions.
Instrumentation for planetary Studies
Various instruments for measurement of temperature, wind velocity
and relative humidity are available and could be easily adapted for a
Ma­_
 Lander. Pressure measurements would be done with a diaphran, pres-
sure gauge rrith a built-in transistor read-out circuit.
Measuremen+ of ,.., toai dust content, sized below 10 microns, might
be done with a beta-ray adsorption system of the type manufactured by the
OCA Corporation (Bedford, Massachusetts). This unit separates the dust
I,-+o fractions above and below 10 microns, in a small cyclone, and de-
posits l hcm under 10 microns of dust an a greased slide. The dust
adsorbs incident beta radiation and the degree of adsorption is a measure
of the quantity of dust-in-thc-atmosphere. The slide ferns automatically
between measu rements and some 90 tests can be made before the slide has
to be cleaned.
ObservaH ons of the charge level and the field gradient would be
made with a modified Trek Detector. Conversion from measurement of
charge to observation of field gradient would involve swinging an adapter
in front of the probe.
1 ,1A
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A series of measurements of these parameters would be a major step
toward understanding the Martian environment.
Surface Catalysis and E::oelectron Emission
This program is an o,rtg rowth of our earlier studies of gas-surface
Interactions with the mass spectrometer. We have shown that as soon as
catalytic oxidation of CO, H 2 or NH3 begins (on hot platinum), there is
emission of non`hermal exoelectrons. This "exoelectron" emission can be
used to monitor the rate of catalysis. Suppression or enhancement of
this exoelectron emission results in an Increase or decrease in the rate
of catalysis itself. A paper on this topic has appeared in the Journal
of Catalysis (see Publication 16).
In another study r:,: followed the catalytic reaction of NO with CO
over ',ot moneI. Monel is the candidate metal for a reaction to remove
NO  from automotive exhaust gases, and we have demonstrated that the
rate of reaction can be monitored in terms of exoelectrons emitted by
the catalyst. A short paper discussing our results has appeared in the
Journal of the Society of Automotive Fngineers (Publication 19).
In a more recent work we observed the exoelectron emission associ-
ated with the oxidation of CO and CH  at atmospheric pressures. The
reactor-catalyst system is shown in Figure 18 (repeated from our earlier
reports) typical results are shown in Figures 19, 20 and 21. Figure 19
shows an excellent correlation between the rate of oxidation (of CH4)
ana the exoelectron current, versus temperature. There seems to be no
question that the EEE current could be used to monitor this catalytl;
process.
r.
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Similar concl-islons for CO oxidation can be drawn from Figures 20
and 21. Here oxygen was used In place of air because of the lower re-
activity of CO. The higher temperatures, required for this reaction,
Induced some thermal electron emission and for this reason the k and le
curves of Figure 20 are riot parallel. 	 If we correct for this thermal
.mission by subtracting the l e values observed at 0' CO we obtain the
data of Figure 21. The parallelism of the l e and k curves in Figure 21
Is obvious suggest i ng that exoelectron emission can be used to observe
catalytic reacticns at atmospheric pressure. (A letter publication on
this work will be sent to the Journal of Catalysis in August 1975.)
The studies of dispersed catal , :ic reactions have emphasized the
oxidation of ethylene, to ethylene oxide, over a silver catalyst sup-
ported on an alumina substrate. The catalysis assembly is shown in
Figure 22, the reaction is run in the vacuum system to allow use of the
mass spectrometer. The reaction itsel f is quite exothermic and operation
under partial vacuum conditions (10 5 t( , rr) pr ,)vides a significant measure
of safety.
Typical results are shown in Figure 23 where we have plotted the
catalyst temper4tures, gas composi+ions and exoelectron emission versus
time. The rorrelation bet,ieen changes in temperature and exoelectron
current (l e ) is exco! ient especially at t = 16 min where the reaction
stabilizes. A similar effect is observed at 32 minutes when th- catalyst
heater is turned off. We suggest that these effects are due to changes
In temperaiure and the rise in l e at 16 minutes may well be due to an
16
on dothermal adsorption phenomena that disturbs the catalyst surface.
We propose to investigate this effect In more detail in the next six
months.
The data of Figure 23 shows the effects of the reaction as a de-
crease in the partial pressure of oxygen Po t and an Increase in the
partial pressure of ethylene oxide P(CH 2 ) 20. This is shown more clearly
in Figure 24 where we have plotted the reaction coefficient (k) and the
exoelectron current I versus temperal.ire. K was taken as the ratio,
P(44)(T °K)
K - P (44) (1=173 K)
Once aga i n the correlation, in terms of the slope of K versus that of I,
15 excellent suggesting that the exoelectron current is potentially
valuable for monitoring catalytic reactions.
Our future plans in this area include the rebuilding of the catalyst-
mass spectr,rneter set up to permit faster response. At the same time
the use of our gas chromatograph will allow positive separation of CO,,
and (CH 2 ) 20. The need for a systc'n of this type may be seen by examining
Figures 25 arid 26, typical mass spectromete, runs for this reaction.
Figure 25 was run with the catalyst at ambient temperature, while the 	 11
data of Figure 26 was obtained at 274°C. The growth in the mass 44 and
the mass 30 peaks, with temperature, is quite obvious and we suggest
that the mass 44 peak is (CH 2 ) 20 rather than CO2 for two reasons:
14
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1. First the cxIstence of a prominent peak at mass 22, (CH 2)20
the height of this peak Is well. correlated with the growth of
i mass 44 peak. The second !onization of (CH 2 ) 20 is a
process that occurs quite easily and this adds to our belief
that the 44 peak Is (CH2)`0+.
2. Second, tha differences In the spectra when CO2
 Is Introduced
Into tha system. Typical CO 2 spectra do not show a half mass
peak at	 = 22 becau-,e of the high energy required for the
second Ionization of a CO2
 molecule.
In the next 6 month period we plan to have both the gas chromatoraph
and the mass spectrometer in operation. This v,l11 remove all ambiguity
about the composition of the gases in the system.
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